The association between neoplastic disease and thromboembolic disorders was first recognized by Trousseau in 1865. Blood coagulation abnormalities have been reported in the majority of patients with cancer, including those with ovarian carcinoma. However, Trousseau's syndrome (TS) has rarely been reported in women with ovarian carcinoma. We herein report a case series of TS, notably in the brain, in association with gynecological malignant disease, and emphasize the difficulties associated with the management of these thromboembolic effects. The aim of this study was to present our experience with 5 TS patients whose condition was effectively controlled through treatment of the primary malignant disease. Therefore, we suggest that patients with TS may be cured by tumor resection, even if they have severe thromboembolic disease, such as cerebral or pulmonary infarction.
Introduction
Several cases of unexplained thromboembolic events occurring in patients with malignant tumors have been reported. These events were first described by Trousseau in 1865 (1) and named Trousseau's syndrome (TS). TS is typically associated with mucin-producing tumors, such as pancreatic, gastric or pulmonary carcinoma (2, 3) .
TS was considered to be infrequently associated with ovarian cancer, representing 3.8% of all malignant diseases, until 1977 (2) . Planner et al then suggested that thromboembolic events may be more common in ovarian cancer patients than previously reported, occurring in 44% of 59 patients with ovarian cancer and coagulation abnormalities (4) .
Recently, an increasing number of patients with ovarian cancer have been reported to experience TS, providing an opportunity to expand our knowledge regarding the treatment of this syndrome. Thromboembolism in the brain is very difficult to treat in several types of TS, and there are currently no specific treatment guidelines.
We herein present a case series of 5 patients with ovarian or endometrial cancer who experienced cerebral infarction due to TS. We investigated biomarkers for early detection of TS and evaluated treatment strategies for these patients. We may predict acute thromboembolism by measuring D-dimer levels, which were found to be increased in this disease, and we observed that the patients' condition could be controlled by treatment of the primary malignant disease. Of the 5 cases presented in this study, 1 case has been previously published as a case report (5) .
Patients and methods
Patients. From October, 2005 to September, 2014, 485 patients suffering from endometrial, ovarian, or cervical cancer were treated at the Shimane University Hospital (Izumo, Japan). Among these patients, 5 patients experienced cerebral infarction associated with TS. The treatment outcomes of patients with TS were analyzed by reviewing their medical backgrounds, medical records and surgical reports ( Fig. 1 Findings at diagnosis. The findings at diagnosis are summarized in Table II . All 5 patients (100.0%) had neurological symptoms, including hemiplegia (n=3), facial palsy (n=2), decreased vision (n=2), dizziness (n=1), muscle weakness (n=1) and dysarthria (n=1). Several cerebral infarction lesions were observed in the right hemicerebrum, right parietal lobe, left frontal lobe, right postcentral gyrus, bilateral posterior lobe, cerebellum and brain stem. Of the 5 patients, 3 (60%) had other types of thromboembolism; among those cases, the thrombosis involved a lower limb in all patients (3̸3, 100.0%). Other thrombosis sites included the pulmonary artery (n=1) and the renal and splenic arteries (n=1). Mitral valve vegetations were observed in 2 cases.
Patients with TS exhibited high serum carbohydrate antigen (CA)-125 levels on laboratory examination. The average serum CA-125 level when the infarctions occurred was 390 U̸ml (range, 19-552 U̸ml). Moreover, all patients (5̸5, 100.0%) presented with significantly elevated D-dimer levels. The average D-dimer level was 41 µg̸ml (range, 11.4-108.3 µg̸ml). Of note, these two markers fluctuated in parallel with tumor activity and infarctions occurred when the two markers were elevated simultaneously.
Results
Thromboembolism treatment results. The treatment results are summarized in Table II . The majority of the patients had received anticoagulation treatment with unfractionated heparin by continuous intravenous drip, and warfarin. This resulted in a good course for 1 patient with recurrent ovarian cancer (case 3), who recovered and was able to resume chemotherapy. However, 3 months later, the patient developed hemorrhagic cerebral infarction, despite an international normalized ratio (INR) of 2.8 (Table II) . The patient was unable to receive further active treatment for her recurrent disease and she succumbed 9 days after the second hemorrhagic cerebral infarction (6 months after the first acute cerebral infarction).
The remaining 2 patients (cases 1 and 2) initially received this treatment, but 1 patient (case 2) developed recurrent aseptic vegetations on the mitral valve, whereas cerebral, renal and splenic embolisms recurred during anticoagulation treatment. One patient (case 1) also experienced worsening of a pulmonary embolism (Fig. 2 ). We therefore decided to treat their primary disease through tumor reduction to provide relief and improve the quality of life. The patients underwent tumor resection, which resulted in disappearance of the thromboembolism. After surgery, anticoagulation therapy was resumed with low-molecular-weight heparin by continuous intravenous drip and subcutaneous injection. The mitral vegetations disappeared and the other emboli almost disappeared.
Another patient with recurrent ovarian cancer (case 4) was unable to receive anticoagulation therapy, as she was already diagnosed with therapy-related myelodysplastic syndrome (WHO; refractory cytopenia with multilineage dysplasia). The patient was at high risk of bleeding due to anticoagulation therapy, so we were only able to monitor her condition and provide best supportive care; her first stroke was widely spread to the brainstem, and she succumbed to acute cerebral infarction 11 days after the stroke.
Primary disease treatment results. One patient (case 1) underwent total hysterectomy + bilateral salpingo-oophorectomy + omentectomy. Optimal debulking surgery without pelvic or para-aortic lymph node dissection was performed, and the patient received adjuvant chemotherapy consisting of carboplatin (area under the curve = 5) and paclitaxel (175 mg̸m 2 ). The other patient (case 2) underwent total hysterectomy + bilateral salpingo-oophorectomy + pelvic and para-aortic lymph node dissection, and she received the same chemotherapy as case 1. In addition, that patient also received radiotherapy (whole pelvic irradiation, 45 Gy; para-aortic lymph nodes, 45 Gy). Both patients had a good postoperative course, without recurrence of thromboembolism. One patient (case 2) survived for 21 months after the diagnosis of TS, but eventually succumbed to recurrent malignant disease. The other patient (case 1) remains alive 14 months after treatment, with no evidence of recurrence.
Discussion
We have treated 5 patients with cerebral infarction due to TS and made two observations regarding this syndrome: First, when the cerebral infarctions occurred, the D-dimer level was suddenly and significantly elevated ( Fig. 1 ; Table III ). To the best of our knowledge, this observation was not made by previous studies. As each of these 5 patients experienced sudden elevation of D-dimer levels, we must consider that TS occurs while these levels are elevated. The present results also suggest that, even if patients with progressive malignant disease are treated by anticoagulation therapy, thromboembolism may still occur, despite an INR within the therapeutic range. We may predict the risk of acute thromboembolism by measuring the D-dimer level, which is almost always elevated in this disease. Moreover, we observed an association between D-dimer level and serum CA-125 level. A significant increase in CA-125 levels has been reported in mucin-producing tumors, and TS is known to occur in association with such tumors (2, 6) . We observed that tumors with mucin-producing characteristics exhibited an association between the levels of D-dimer and serum CA-125 (parallel change) in TS. This suggests a role for potential biomarkers for early development of TS.
Second, we may control thromboembolism by effectively controlling the primary disease. Two patients with recurrence (cases 3 and 4) and 1 patient in whom the primary disease could not be controlled (case 5) succumbed to cerebrovascular disease. By contrast, in the remaining 2 patients (cases 1 and 2), who were diagnosed with primary disease and cerebrovascular disease simultaneously, thromboembolism was cured with anticoagulation therapy and tumor resection. The primary approach for treating malignancy-related TS is the elimination of the causative tumor, regardless of the underlying disease mechanism. Treatment directed against the underlying malignancy may also significantly improve the hypercoagulable state.
Levitan et al suggested that the rate of deep venous thrombosis̸pulmonary embolism was 16̸10,000 for patients with head and neck cancers and 22̸10,000 for those with bladder or breast cancer, but it steadily increased to 85, 96, 110, 117 and 120̸10,000 for patients with stomach cancer, lymphoma, and tumors of the pancreas, brain and ovaries, respectively (7) . Planner et al also suggested that thromboembolic events may be more common in ovarian carcinoma than previously considered, occurring in 44% of 59 patients with ovarian carcinoma and coagulation abnormalities (4) . The definition of TS includes neurological symptoms which occur at distant sites from the malignant tumor and is associated with malignant disease. In a narrow sense, TS was considered to induce strokes due to hypercoagulability, and to have a poor prognosis (8) . It has been reported that patients with lung, prostate, breast or ovarian carcinoma, or malignant hematological diseases, tend to suffer from cerebral infarction more frequently compared with patients with other malignant diseases (9) .
The primary approach to treating TS is to eliminate the causative tumor; however, this is often not possible. It is commonly mentioned in the literature that heparin is the preferred treatment (2, (10) (11) (12) (13) (14) (15) . In recent years, low-molecular-weight heparins have become popular, in part due to their improved pharmacokinetics, the ability to administer single daily dosages, and the reduced incidence of heparin-induced thrombocytopenia (16) (17) (18) . In 2 of our patients, we initially used low-molecular-weight heparins, but eventually switched to warfarin, as it was difficult for the patients to continue using heparin at home, although it is well known that heparins are better for the treatent of TS.
In this report, we described cerebral infarction with TS due to malignant gynecological disease. Thromboembolisms in the brain may be difficult to treat in several types of TS. We experienced cases in which both TS and the primary disease could be effectively controlled with conventional heparin treatment.
We treated 5 TS patients whose condition could be controlled through treatment of the primary malignant disease (Table IV) . Patients with TS with recurrent and difficult-to-control malignant disease are almost impossible to cure. It is well known that if the primary disease is difficult to control, the patients have a poor prognosis.
To the best of our knowledge, this is the first report to describe the association between D-dimer and serum CA-125 level as potential biomarkers for TS. In addition, if patients have cerebral infarction and pulmonary embolism, cancer treatment need not be discontinued, as it is possible to treat patients with TS via tumor resection. 
